INTRODUCTION
on adequate preparation and sedation techniques. Adequate sedation with topical anaesthesia of the airway may minimise undue discomfort, anxiety and sympathetic surge during AFOI, but respiratory depression and hypoxaemia may occur with excessive sedation. [4] Although various pharmacological agents such as fentanyl, midazolam, ketamine, propofol and remifentanil have been used for conscious sedation during AFOI, most of them have respiratory depressant effect in higher doses. [4, 5] Hence, there is a need for the ideal sedative agent for AFOI that will not cause respiratory depression, and will allow patients to maintain spontaneous respiration and protect their own airway with full cooperation during the passage of fibre-optic scope. Dexmedetomidine (DEX) is a highly selective centrally acting α2-adrenoceptor agonist widely used in intensive care units for its sedative, hypnotic, anxiolytic, sympatholytic, antisecretory and analgesic properties. As it does not cause respiratory depression, the role of intravenous (IV) DEX for sedation during AFOI was assessed in this study.
The main objectives of this study were to assess the level of patient's satisfaction, comfort and sedation along with haemodynamic changes such as heart rate (HR) and mean arterial pressure (MAP) with pre-operative DEX infusion, compared to the placebo group during AFOI.
METHODS

This
prospective, randomised, double-blind, controlled trial was conducted in our neurosurgical unit from March 2012 to February 2013. After obtaining the Institutional Ethics Committee clearance and written informed consent from each patient, 56 adult patients with CSM of American Society of Anesthesiologists (ASA) Physical Status I and II, aged 18-50 years, undergoing elective cervical fixation, were included in this study. Patients with higher degree atrioventricular block, obstructive sleep apnoea, morbid obesity and treated with angiotensin converting enzyme inhibitor, α-antagonist, and long-term use of benzodiazepines or tricyclic antidepressants were excluded from this study.
For the purpose of sample size calculation, the Observer Assessment Awareness and Sedation (OAA/S) scale was used as the primary outcome measure. The standard deviation (SD) for this parameter, when used as the marker for the success of premedication, was expected to be approximately 4 on the basis of a published study. [6] It was calculated that 28 patients were required for the group to detect the difference of 3 in anxiety scoring with 80% power and 5% probability in Type I error, using SD of 4. The total number of patients in the study population was 56. Randomisation was done on the basis of a computer-generated random number list that was in the custody of a senior anaesthesiologist who was not otherwise involved in the day-to-day care and monitoring of the study participants. Once the details of a study participant were recorded, the designated study nurse had the responsibility of contacting the senior anaesthesiologist for obtaining the randomisation code and preparation of the study drug. The independent nurse who prepared the study drug refrained from further study participation. This randomisation schedule facilitated patient disposition into two equal groups; Group C (control group [n = 28]) and Group D (DEX group [n = 28]).
At pre-operative visit, the nature of OAA/S scale and visual analogue scale (VAS) were explained to each patient, and proper counselling for airway block was done. All patients fasted for at least 6 h, and tablet diazepam 10 mg and tablet ranitidine 150 mg were given orally, the night before surgery. In the operating, room after attaching standard ASA monitors, patient's' neck was immobilised with a semi-rigid cervical collar (Philadelphia cervical collar). Intravenous (IV) cannulation was done with 18-gauge IV cannula in a peripheral vein and IV glycopyrrolate 0.2 mg was administered. Group D patients had received DEX infusion through an infusion pump (200 µg/2 ml DEX in 48 ml of 0.9% saline solution in a 50-ml syringe -concentration of 4 µg/ml) at a rate of 1 µg/kg for the first 10 min followed by 0.5 µg/kg/h. On the other hand, Group C patients received 0.9% normal saline infusion in the same manner to ensure blinding. After 15 min of administering the study drug and saline infusion, the nasal mucosa was packed with xylometazoline 0.05% and cotton-tipped applicator soaked in 2% lignocaine with adrenaline was applied to block the sphenopalatine ganglion and anterior ethmoidal nerve after performing a nasal patency test. The glossopharyngeal and superior laryngeal nerves were blocked bilaterally with 2 ml of 2% lignocaine and the recurrent laryngeal nerve was blocked by a transtracheal approach with 2 ml of 4% lignocaine. Then, an experienced anaesthesiologist performed nasotracheal fibre-optic intubation loaded with a lubricated flexo-metallic armoured endotracheal (ET) tube of appropriate size. After visualisation of the vocal cords, the bronchoscope was further advanced up to the level of the carina. Then, the armoured ET tube was introduced over the bronchoscope and fixed 3 cm above the carina. Confirmation of the tube position was done by chest auscultation bilaterally and by end-tidal CO 2 concentration. Patients' alertness and sedation during the procedure were assessed by the OAA/S scale by an anaesthesiologist who was blind to the study drug. HR, MAP, percentage saturation of oxygen (SpO 2 ) and respiratory rate (RR) were recorded at baseline, during study drug infusion at 3 min intervals until AFOI had been completed and then at 1 min interval up to 5 min after intubation. Hypotension (reduction of MAP >20% from baseline) was treated with IV fluid and/or phenylephrine 50 µg IV bolus, repeated if necessary after 5 min. Bradycardia (HR <60 beats/min) was treated with atropine 0.6 mg IV. Oxygen desaturation (SpO 2 <95% for >10 s) was treated with oxygen supplementation either through a nasal cannula or the suction port of the bronchoscope. If the patient became uncomfortable during AFOI, additional IV fentanyl 25 µg was given. Then, induction of anaesthesia was done by IV propofol 2 mg/kg along with IV fentanyl 2 µg/kg and IV rocuronium bromide 0.6 mg/kg as the muscle relaxant. Maintenance of anaesthesia was with an oxygen: nitrous oxide mixture (3:5) along with isoflurane. Muscle relaxation was maintained with IV rocuronium 0.1 mg/kg as and when necessary. When the surgical procedure was completed, the residual neuromuscular block was reversed with IV neostigmine 0.05 mg/kg and glycopyrrolate 0.02 mg/kg. On the 1 st post-operative day, patients' comfort during AFOI was assessed on a 100 mm VAS by an investigator blinded to the procedure. Primary outcomes of the study were patient's satisfaction and sedation during AFOI assessed by OAA/S scale based on speech, facial expression and eye movement (Score: 20-18 = response readily to name/alert, 17-15 = lethargic response/light sedation, 14-11 = response only after name spoken loudly/heavy sedation and under 10 = unable to respond) recorded from baseline before the study drug infusion up to ET intubation. Secondary outcomes were haemodynamic parameters such as HR and MAP which were measured from the baseline before the study drug infusion up to 5 min after intubation.
Demographic
data were expressed as mean ± SD (age, weight, height) or proportion (sex and ASA physical status). All the raw data were entered into a Microsoft Excel spread sheet and analysed using Statistica version 6 (StatSoft 
RESULTS
In the final analysis, 56 patients were randomised for assessment, and Figure 1 illustrates the flow of patients. All the demographic data on patients' characteristics such as age, height, body weight, body mass index, sex and ASA status were comparable between the two groups. All the patients of both groups were alert and awake at the beginning of the study i.e., comparable in terms of OAA/S scale. Each patient underwent successful fibre-optic intubation, but satisfaction score was more favourable in DEX group. Out of 28 patients in Group D, 75% of the patients were lightly sedated and 25% of the patients were alert. Despite sedation, all patients in DEX group responded and cooperated well during AFOI with stable haemodynamics. In control group, the verbal response to the speech was more prominent, but comfort level and satisfaction were less with the haemodynamic surge.
In control group, total OAA/S score remained same (OAA/S score: 20) throughout the study period, but in Group D, the score was insignificantly decreased during fibre-optic bronchoscopy (FOB) (20 to 17, P = 0.328). The comparison of intergroup changes of OAA/S score was statistically significant (P < 0.001) from 9 min after the study drug infusion to ET tube introduction [ Figure 2 ]. Patient's comfort level during the procedure was measured postoperatively after 24 h by VAS. Higher VAS score was found in the control group (50-90) than Group D (40-60), which was statistically significant at P < 0.001 [ Figure 3 ].
In the control group, there was a significant increase in HR (92.67 + 11.47/min) during FOB from baseline value (74 + 14.54/min) (P < 0.001), whereas in Group D, HR was significantly decreased (64.25 ± 8.92/min) during FOB from baseline (72 + 12.54/min) (P < 0.001). The comparison of intergroup changes of HR during AFOB was also statistically significant (P < 0.001) [ Figure 4 ]. In the control group, there was a significant rise of MAP during and after FOB (94.8-109.1 mmHg -P < 0.001), but changes in MAP in Group D were not statistically significant (94.8-101.1 mmHg -P = 0.129). The comparison of intergroup changes of MAP during AFOB was also statistically significant (P < 0.001) [ Figure 5 ].
All the patients of both groups maintained arterial SpO 2 within the satisfactory level (98%-99%) during the study period and the changes were statistically insignificant (P = 0.321). There was a gradual increase in RR in the control group from baseline up to ET intubation which was statistically significant (14-23/min, P < 0.001), but in DEX group, the changes in RR were statistically insignificant (14-16/min, P = 0.328). Moreover, the comparison of intergroup changes of RR was statistically significant (P < 0.001) from FOB at the nasal passage to intubation. IV fentanyl 25 µg was required in 60% of the patients of control group during AFOI, but no patient in DEX group required IV fentanyl.
There was no incidence of hypoxia, respiratory depression (RR <8/min), significant bradycardia (HR <60/min) and hypotension (SBP <30% from baseline) in either group of patients.
DISCUSSION
In our study, we found that patients who received IV DEX in addition to airway block during AFOI remained more comfortable than with airway block alone. During conventional direct laryngoscopy in sniffing position, there is an extension at the atlant-occipital joint and flexion of the cervical spine between C2 and C4. [7] Many anaesthesiologists prefer AFOI as it minimises the cervical spine movement and prevents further neurological damage. [8] Previously, awake flexible fibre-optic bronchoscope-aided intubation has been performed only with airway blocks by lignocaine without any sedation, but poor tolerance, patient's dissatisfaction and discomfort along with haemodynamic instability were frequently noted in these patients. [9] The advantages of using sedation during AFOI has been documented in various studies. [9, 10] Various drugs have been tried, to achieve conscious sedation during AFOI, but the incidence of hypoxaemia is high due to their respiratory depressant effect. The major advantage of DEX infusion during AFOI is a unique form of sedation where patients remain sleepy, but are easily aroused and cooperative with minimum respiratory impairment. [11, 12] Neurological assessment can be done immediately after intubation as patients remain awake throughout the procedure. [13] DEX, an α2 agonist, produces conscious sedation, hypnosis and analgesia with minimal effect on respiration. It produces sedation by pre-synaptic activation of α2-adrenoceptor in the locus ceruleus that inhibits the release of norepinephrine (NE). [14] Role of IV DEX for prevention of the conventional adrenergic surge during intubation has been well documented. [15] There is no published study to establish the effect of IV DEX, in addition to airway block, on patient's satisfaction, comfort and sedation during AFOI in cervical fixation surgery. In this study, the efficacy of DEX infusion was evaluated using OAA/S scale.
Our study indicates that the satisfaction score during AFOI is more favourable with DEX infusion at an acceptable level of sedation, in conformity with our study hypothesis. The secondary outcome haemodynamic parameters such as HR and MAP were more stable in patients with DEX premedication than in the placebo group. Post-operative VAS score for procedural comfort was also more favourable in DEX group.
One study reported that tolerance and cooperation to AFOI were better with DEX than placebo as assessed by less limb movement, and responsiveness to command was also satisfactory. [16] These findings are also supported by other studies. [17, 18] Our results are in concordance with these studies. [19] [20] [21] [22] The respiratory depressant effect of DEX with different IV doses is well documented in various studies. Episodes of obstructive apnoea have been reported in one study when DEX was infused at 1 and 2 µg/kg doses rapidly over 2 min. [23] Episodes of loss of airway patency with higher (10 µg/kg/h) doses of DEX infusion have been reported in another study. [24] In our study, as lower maintenance dose of DEX (0.5 µg/kg/h) was used, no such complication occurred.
Dose-dependent biphasic alteration of BP with DEX has been reported. [25] It has been documented that hypertensive episodes are more frequent at higher doses (1-2 µg/kg) and hypotension at lower doses (0.25-0.5 µg/kg) when bolus infusions of DEX were given over 2 min. [26] Initial increase in BP after the loading dose may be due to vasoconstriction caused by direct stimulation of α1 receptors on blood vessels and decrease in BP in the subsequent period due to inhibition of norepinephrine release from sympathetic terminals. [14] In our study, this biphasic BP response of DEX was decreased by increasing the duration of the loading dose (1 µg/kg over 10 min) and lowering the maintenance dose (0.5 µg/kg/h) of DEX.
It has been documented that higher doses of DEX may be used safely with minimal changes in haemodynamics when they are infused over 10 min. [27] It is also recommended that the use of DEX at 1 µg/kg bolus over 15 min, with maintenance rates of 0.2-0.7 µg/kg/h, is safe and beneficial for surgical patients. [28] On the other hand, patients in control group without DEX (Group C) have a significant rise in BP during AFOI (SBP > 30% from baseline) (P < 0.001) due to haemodynamic response to intubation. This study has demonstrated that there was a significant decrease in HR in Group D at different time intervals during and after AFOI compared to baseline parameters (P < 0.001). The potential causes of low HR may be due to increasing vagal tone, decreased circulating levels of NE and the baroreceptor response of high vascular tone that occurs with the loading dose. [14] In our study, as all patients were pre-treated with IV glycopyrrolate, HR was not significantly decreased (<50) during the study period. In contrast, all the patients of the control group had a significant rise in HR during AFOI due to increasing sympathetic outflow (P < 0.001). These findings are closely corroborated with a similar previous study. [28] However, there are some limitations in this study.
We enlisted our study nurse to maintain allocation concealment and ensure double blinding. However, we anticipate that this arrangement would be difficult to sustain for a large number of patients unless nursing staff specially trained in this methodology can be made available. Another possible confounding factor would be variation in the level of stress enforced on the patient by varying skill of AFOI. In our case, we ensured that AFOI was done by an experienced anaesthesiologist.
The serum stress hormone (cortisol and noradrenaline) level could not be estimated in our study.
The interpretation of the study is that only airway block is inadequate for patient satisfaction and comfort during AFOI, and combination of DEX infusion (1 µg/kg for the first 10 min and followed by 0.5 µg/kg/h) with airway block is preferable. It provides better intubation condition, improves patient tolerance and enhances patient comfort without respiratory depression and haemodynamic instability.
The minimal side effects observed in our study are not sufficient to justify conclusions on individual drug safety, and further study in a large patient population will be required to establish the safety profiles of IV DEX infusion along with airway block with lignocaine.
CONCLUSIONS
For successful awake fibreoptic intubation in patients with cervical spine myelopathy, only airway block is not sufficient. Additional dexmedetomidine infusion along with airway block effectively increases patient's satisfaction and comfort with acceptable level of sedation. It improves patient tolerance without respiratory depression and haemodynamic instability.
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